Abstract. The plasma spraying Al 2 O 3 -13%TiO 2 (abbreviated as AT-13) ceramic coatings on Q235B steel surface were dealed with laser remelting technique. The microstructure and properties before and after laser remelting were studied. Experiment results shown that the microstructure of laser remelted ceramic coatings was dense, no porosity appeared. The main compositions of laser remelted ceramic coatings were α-Al 2 O 3 and a small amount of TiO 2 and TiAl 2 O 5 . Microhardness of AT-13 plasma spraying coatings and laser remelting coatings were measured with vickers, and the maximum microhardness value of the former was 1000 HV 0.2 , while that of the latter was 1700 HV 0.2 ; The average bonding strength value of AT-13 plasma spraying coating was 24.36 Mpa, while the average bonding strength value of laser remelting coating was more than 67.02 Mpa. The wear resistance of laser remelting coatings was higher than that of AT-13 plasma spraying coatings through the pin-dish particle wear test.
Introduction
With the development in science and technology, application of surface treatment technology on low cost steel to prepare high performance surface coatings instead of precious metals and alloys has a great significance of technology and economy [1, 2] . Ceramic materials have priority to conventional materials in performance of anti-wear, anti-corrosion, heat resistance and anti-high-temperature oxidation. But ceramic material is more brittle and sensitive to cracks and stress, poor in fatigue resistance and difficult to process, so its application is restricted [3] [4] [5] . Surface engineering technology can combine the characteristics of metal substrate with that of ceramic coating organically to get the optimal performance of composite structures with comprehensive advantages of two materials [6] [7] [8] .
Plasma spraying technology as a kind of surface engineering technology has the advantage of processing simple and low cost, but porosity and oxidate impurities produced inevitably in the forming process of the coating, these factors make the coating in use process appear falling off failure. Laser remelting is an important method of the surface melting and hardening technology, which will improve the ceramic coating performance effectively. The use of high-energy density laser beam mix the alloy of different compositions and properties together with the substrate surface, generating an alloy layer with completely different compositions and properties between substrate surface and the substrate. In this paper, AT-13 metal ceramic powders were sprayed in the substrate with plasma spraying equipment, then the coatings were treated with a laser device, relevant performance parameters of the coatings before and after remelting could be obtained through the use of detection equipments, and results of high and low qualities of the coating could be obtained through the comparative analysis.
Test Methods
Coating Materials and Their Preparation Methods. Substrate material was Q235B steel, while shapes of the substrate were designed for bar and plank as required, respectively. The size of the bar substrate sample was Φ10mm×30mm and the size of the plank substrate sample was 90mm×90mm×5mm. Al 2 O 3 -13% TiO 2 (abbreviated as AT-13) metal ceramic powders were chosen as coating material. To improve the performance of the coating, the substrate surface should be unoiled with trichloroethylene vapour, dealed with the method of sand blast and preheated (temperature set at 140 degree centigrade). The plasma spraying equipment GSD-80K was used to spray the bottom coating of Ni-Al (the particle size was 140~260µm) and AT-13 ceramic layer. The plasma spraying coatings were dealed with laser remelting equipments, including type of JHM-1-GY-150E laser processing machine and JL series laser cooling system, which were produced by Wuhan Chutian industry laser equipment Co., Ltd. Parameters of the laser equipment were set as follows: laser pulse width was 1ms, laser current was 105A, flare diameter was 0.3 mm, scanning speed was 0.12 m/min.
Analysis and Test Method. 4XCZ metallographic microscope and JSM-6301F scanning electron microscopy were used to observe the morphology and microstructure of the coating. The phase constitution of the coating was analyzed by D/max2500 X-ray diffraction analysis instrument; The static pressure mark method was used to measure the microhardness of the coating [9] [10] . Type of domestic 71 micro hardness tester was chosen as the test equipment, loading weight 25g for 10 seconds; In the tensile test, coating samples were adherent to pairing samples with E7 epoxy resin, CSS-44100 electronic universal testing machine with loading acceleration of 6 mm/min 2 was used to measure the bond strength of the coating; Type of ML-100 pin-disc particle wear test machine, loading weight 3N, 5N, 7N, respectively, was used in the wear resistance test. Parameters of the pin-disc particle wear test machine were set as follows: disc equipped with SiC abrasive sand paper rotated in the speed of 60 r/min, sample of the disc feed along the radius in the speed of 3 mm/s for linear motion. Wear resistance of the coating was evaluated through the weight loss test of samples in type of TB328B analysis electronic balance with the precision of 0.0001g.
Test Results and Analysis
Analysis of Coating Morphology Organization. Porosity and flat grains could be found in AT-13 plasma spraying coatings from Fig.1 (a) . In this figure many small particles, which were coating impurities, also could be found in the coating. Flat grains could not be found in Fig.1 (b) , laser re-melting microscopic surface coating made of columnar crystal and the equiaxial crystal was very smooth and compact, porosity in the coating disappeared completely. An evident crack could be found in Fig.1 (b) , this was because of the high temperature of laser and quick condensation after melting of the coating. With temperatures reducing and coating contracting, no liquid metal added to crack immediately, formed the crack. Improving remelting process can make laser remelting coating dense completely. 
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Manufacturing Engineering and Automation II Test of Coating Hardness. As could be seen from Fig.3 hardness of the coating after laser remelting treatment increased significantly, whose highest microhardness value was up to 1700 HV 0.2 , while the highest microhardness value of AT-13 plasma spraying coatings was approximately 1000 HV 0.2 . Hardness curve of laser remelting coating presented three gradients, namely high hardness area, hardness reduction area and low hardness area. Alloy coatings area, heat affected area [10] and substrate corresponded to the three gradients of the hardness curve. Because of the laser remelting process, porosity in the coating reduced dramatically, making the coating almost dense. In the process of laser remelting, γ-Al 2 O 3 and β-Al 2 O 3 of the coating translated into α-Al 2 O 3 and aluminum titanium compounds completely, making the coating hardness improved greatly. Al 2 O 3 was the main composition in the alloy zone, so the hardness value of alloy zone was high. Because of the laser dilute effect, composition proportion in the heat affected zone changed, proportion of Ni base compounds and the composition of Q235B steel substrate increased, while proportion of Al 2 O 3 dropped, making hardness value in heat affected area dropped substantially. In the substrate area, coating material rarely permeated, so the hardness value tends to flat. Bond Strength Analysis of Coating and Substrate. Fig.4 was the fracture mode of plasma spraying samples. It was evident that the fracture mode of plasma spraying samples was the fracture between coating and substrate, so the experimental data shown in Table 1 were bond strength of coating and substrate. Fig.5 was the fracture mode of laser remelting samples, it could be found fracture surface of laser remelting coatings was completely different from that of plasma spraying coatings. The fracture mode of the former was fractured between adhesive and laser remelting coating, while remelting layer and the substrate didn't happen any damage. So data shown in Table  2 were not the bond strength of laser remelting coating and substrate, it was just the bond strength of adhesive. But through the observation of coating fracture mode and the comparison analysis data of experiment data, we could draw the conclusion that bond strength of coatings after laser remelting treatment was far greater than the bond strength of adhesive as well as the bond strength of plasma spraying coating. There were two reasons accounting for the greatly improved bond strength of the coating. On the one hand, the combination way between coating and substrate changed from mechanical bond to metallurgical bond. A transition layer formed between the coating and the substrate after the laser remelting treatment of plasma coatings. Composition of the transition layer combines both coating composition and substrate composition. Because of the high coating material temperature, good wettability and spreading ability in crystallization process, and long cooling process, adhesive property between grains was better, bond extent and bond strength between coating and substrate was better. On the other hand, after laser remelting of the coating, the original piece structure of coating eliminated, equiaxial crystals and columnar crystals formed, the grain of the coating was small and even, impurities and porosities reduced substantially, the coating was almost dense, the bond between coating and substrate as well as internal coatings was abundant, and the adhesive property was higher. Fig.6 , we could draw the following two conclusions: first, wear resistance of the laser remelting coatings was much higher than that of Q235 steel and AT-13 plasma coatings. The wear resistance of the laser re-melting coating was 10 times larger than that of Q235 steel substrate in 800#SiC sand paper, while the wear resistance was also up to 5 times compared to the plasma spraying coating. Second, influence of abrasive with different particle size on wear resistance was different, the greater of particle size the more serious wear of the coating. The wear quantity of Q235 in 240#SiC sand paper increased by almost 40% than that in 800#SiC sand paper, while the wear quantity of laser re-melting coating had also increased to some extent, but the growth extent was not large.
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Manufacturing Engineering and Automation II After laser remelting treatment of the coating, particle size of crystal particle of the coating was fine and even, high hardness equiaxial crystal generated, phase constitution of the coating material changed, γ-Al 2 O 3 and β-Al 2 O 3 changed into α-Al 2 O 3 , so the hardness of the coating improved enormously. The combination way between coating and substrate changed from mechanical bond to metallurgical bond, coating densified, the adhesive property and combination property among grain crystals of the coating enhanced, so bond strength of the coating improved. As hardness and bond strength, the two main factors influencing the wear resistance of the coating, improved by a big margin, the wear resistance of the coating improved substantially.
Conclusions
(a). After laser remelting, coating structure changed into the equiaxial crystal and columnar crystal, almost no pores existed in the coating, combination way between coating and substrate changed from mechanical bond to metallurgical bond. Phase constitution of coating material changed, both γ-Al 2 O 3 and β-Al 2 O 3 changed into α-Al 2 O 3 and aluminum titanium compounds. (b). Compared with plasma spraying coating, hardness of laser remelting coating increased significantly and the hardness curve of the laser remelting coating presented three gradients, namely high hardness area, hardness reduce area and low hardness area. (c). After laser re-melting treatment of the coating, bond strength between coating and substrate was far greater than bond strength of adhesive as well as the bond strength of plasma spraying coating. (d). The two most important factors affecting wear resistance were hardness and bond strength. As hardness and bond strength of AT-13 laser remelting coating had been improved greatly, wear resistance of the coating improved largely.
